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METHOD OF PREDICTING OPTIMUM 
MACHINING CONDITIONS 

Bene?t of priority is hereby claimed on US provisional 
application Ser. No. 60/006,545, ?led Nov. 13, 1995, entitled 
“Method of Predicting Optimum Machining Conditions”. 

TECHNICAL FIELD 

‘The present invention relates generally to the ?eld of 
machining performance and ?nish turning operations and, 
more particularly, to a method for selecting optimum cutting 
conditions and/or tool inserts for speci?ed machining per 
formance requirements. 

BACKGROUND OF THE INVENTION 

The demands of modern manufacturing technology 
require that machining operations be performed in a manner 
so as to e?iciently enhance economic, time and equipment 
aspects of the manufacun'iug process. As an example, recent 
trends toward “near net shape” manufacturing have signi? 
cantly reduced the need for multipass rough machining 
operations while placing more of an emphasis on single pass 
?nish machining. However, it is still important when design 
ing such manufacturing techniques for ?nish turning opera 
tions that overall machining performance he of the highest 
quality. 

Generally, the overall machining performance can be 
quantitatively described by the surface roughness, machin 
ing accuracy, cutting force/power, tool wear/tool life and 
chip breakability. Key factors which are lmown to effect 
machining performance include the machine tool, cutting 
tool, cutting parameters, work material, and cutting ?uid. 
These various performance criteria are highly interactive 
and the relationships describing the interaction are very 
complex. Therefore, due to these complexities, many of 
these highly desirable features are very di?cult to achieve in 
combinations as the trade off in achieving one normally 
results in signi?cant loss in others. For example, in ?nish 
turning operations, increasing produaivity through higher 
material removal rates requires that cutting tools be provided 
which are capable of longer tool life while still being capable 
of the required surface ?nish level and accq>t 
able chip-formslshapes or chip breakability. In addition, 
increased cutting speeds impose a power constraint. 
US. Pat. No. 4,833,617 to Wang discloses a method for 

modeling an adaptive feed rate control for numerically 
controlled machining. This method takes into consida'ation 
such operating parameters as material removal rate, cutting 
force and tool de?edion. However, there are numerous other 
operating parameters, as described above, which if taken 
into consideration would increase the accuracy of the mod 
eling method. 

Similarly, US. Pat. No. 4,926,309 to Wu et al. discloses 
a method that utilizes arti?cial intelligence for adaptive 
machining control of surface ?nish in a machining opera 
tion. The Wu et a]. method takes into consida'ation a variety 
of operating parameters, such as, tool wear, depth of cut, 
work piece hardness and material removal rate. Again, 
however, only a limited number of opm'ating parameters and 
machining performance criteria are taken into consideration, 
thus signi?cantly limiting the reliability and ova'all accu 
racy provided by this method. 
The Wang and Wu et a1. patents are representative of the 

prior art which typically rely upon a limited number of 
operating parameters and consider limited number of 
machining performance criteria. In other words, the prior art 
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2 
has essentially ignored important machinability criteria and 
key factors which machining performance. This may be 
attributed to the limited availability of quantitatively reliable 
machining performance models relating the surface ?nish, 
dimensional accuracy, chip breakability, and other machin 
ing performance variables to the cutting or process param 
eters. More speci?cally, currently available metal cutting 
theories are unable to explicitly present all relationships 
between input variables and machining behavior, especially 
for complex grooved tools which are primarily used in ?nish 
turning operations today. While there have been many 
attempts to build phenomenological models of metal cutting 
processes, these theories are not yet able to solve all the 
problems which currently exist during the machining opera 
tion. Moreover, the large number of variables involved 
results in an almost in?nite number of machining combina 
tions. 

Accordingly, while much is known and much work has 
been done towards improving the machining process and its 
e?iciency for ?nish turning operations, a need is identi?ed 
for further improving the machining process through the 
selection of the most suitable cutting conditions and/or tool 
insert types for given quality requirements. Such an optimi 
zation method would be able to take all machinability 
parameters simultaneously into consideration. 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the present invention 
to provide a new and improved method for selecting opti 
mum machining parameters and tool inserts in ?nish ttu-ning 
operations overcoming the above described limitations and 
shortcomings of the prior art. More speci?cally, the method 
allows for selecting optimum cutting conditions and/or tool 
inserts based upon a particular set of conditions existing 
during a ?nish turning operation requiring the use of com 
plex grooved tool inserts. 

Another object of the present invention is to provide a 
method for selecting optimum machining performance cri 
tu-ia in ?nish turning operations which is able to take all 
major machinability parameters simultaneously into consid 
eration. 

Yet anothm' object of the present invention is to provide a 
method for selecting optimum machining conditions in 
?nish tm'uing opm‘ations by developing a process model 
which takes into consideration a combination of analytical 
results and experimental data to determine new relationships 
between machinability s and machining condi 
tions. Nonlinear programming techniques may then be 
applied, in conjunction with the process model fcx' achieving 
an optimum selection of cutting conditions and/or cutting 
tool inserts. 

Additional objects, advantages and other novel features of 
the invention will be set forth in part in the description that 
follows and in part will become apparent to those skilled in 
the art upon examination of the following or may be learned 
with the practice of the invention. The objects and advan 
tages of the invention may be realized and obtained by 
means of the instrumentalities and combinations particularly 
pointed out in the appended claims. 
To achieve the foregoing and other objects, and in accor 

dance with the purposes of the present invention as 
described herein, an improved method is provided for 
achieving optimum machining pa'formance critm'a in ?nish 
turning operations. Generally, the method includes the ?rst 
step of developing a process model. The process model 
de?nes the relationship between the machining performance 
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criteria and machining conditions and more particularly 
describes the relationship between a group of selected 
performance variables and a group of selected process 
parameters for a selected ?nish turning operation. More 
speci?cally, the performance variables may be selected from 
the group consisting of cutting force, tool life, material 
removal rate, surface roughness and chip breakability. In 
addition, the process parameters may be selected from a 
group consisting of cutting speed, feed, and depth of cut. 
Advantageously, the process model attempts to interrelate a 
large number of machining performance criteria so as to 
improve the overall accuracy and e?iciency of the optimi 
ution method. 

The method may also be broadly described as including 
the step of selecting one of the performance variables as the 
optimization objective. The remaining performance 
variables, as well as the process parameters which are not 
optimized, will then be used as constraints to de?ne accept 
able limits on those particular criteria. Thus, all of the 
performance variables and process parameters are utilized 
during the selection of optimum machining performance 
conditions even though only one particular performance 
variable is being optimized. 
The method further includes the step of applying non 

linear prg techniques to the process model in ordu 
to identify optimum machining performance and machining 
parameters. More speci?cally, the non-linear g 
techniques allow for the on of optimum artting 
conditions for a given tool insm't and/or an optimum tool 
insert may be selected for given performance requirements. 
More speci?cally describing the method, the development 

of the process model includes de?ning the relationships 
between the performance variables and the process param 
etersbaseduponeithu' classictheories ofrnetalcuttingora 
database of experimental results. Speci?cally, the 
of experimental results will be used to determine empirical 
constants and, coupled with numerical methods for data 
interpolation, to describe relationships that cannot be ana 
lytically determined by theory. 
The process model includes modeling the performance 

variable cutting force based upon cutting force values 
expressed in the form: 

Whu'e: 
Fz=component of cutting force in the cutting direction 
f=feed 
d=depth of cut 
Cz and Ez=force constants 
otz=feed exponent 
B: and 'yz=depth of cut exponents 
The process model includes modeling the performance 

variable tool life in the form: 

Bqml 

T: l Eqm?on 2 

V7)‘ 
Where: 

T=tool~life 
V=cutting speed 
f=feed 
d=depth of cut 
C, n, m, and l=constants for given work and tool material 
The process model includes modeling the performance 

variable mataial removal rate in the form: 

l. 

MRR=1®0WJ Equation 3 

LII 

65 

Where: 

V=cutting speed m/rnin 
f=feed mm/rev 
d=depth of cut mm 
The step of developing the process model further includes 

modeling the remaining pm'formance variables, surface 
roughness and chip breakability, based upon a database of 
experimental results for actual surface roughness and chip 
breakability values. The experimental test data coupled with 
numerical methods for data interpretation allow for the 
inclusion of these particular performance variables which 
otherwise cannot be analytically determined. More 
specifically, bi-cubic spline interpolation of surface rough 
ness test data is used to obtain the surface roughness in terms 
of feed and depth of cut. Similarly, a bi-cubic spline inter 
polation of chip breakability test data is used to determine 
the chipbrealrabilityinterms offeedanddepth ofcut. 

It should be appreciated that the preferred embodiment of 
the present method for selecting optimum machining per 
formance criteria is presented in terms of a computer imple 
mented method, ie a software package has been developed 
to facilitate the appliartion of the methodology described 
above. Advantageously, the computer implemented method 
allows for the establishment of the relationship between the 
performance variables and the process parameters through 
the creation of the process model. The use of the computa 
implemented method is allowed to interface with the soft 
ware so as to choose dilfu'ent machining perfa'mance 
criteria, more speci?cally ditferent pa'formance variables, 
as optimization objectives and to further de?ne the desired 
constraints in qualitative terms. Further, the computer imple 
mented method p-ovides for the completion of the nonlinear 
pr techniques to the optimization objectives so as 
to select optimum cutting conditions and/or optimum tool 
inserts. 

Still other objects of the present invention will become 
apparent to those skilled in this art from the following 
description wherein there is shown and described a preferred 
et of this invention, simply by way of illustration 
of one of the modes best suited to carry out the invention. As 
it will be realized, the invention is capable of other di?’m-ent 
embodiments and its seven] details are capable of modi? 
cation in various, obvious aspects all without departing from 
the invention. Acctx'dingly, the drawings and descriptions 
will be regarded as illustrative in naun'e and not as restric 
tive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawing in and forming 
a part of the speci?cation, illustrates several aspects of the 
present invention and together with the description saves to 
explain the principles of the invention. In the drawing: 

FIG. 1 is a ?ow chart illustrating the methodology of the 
present method for achieving optimum machining perfor 
mance criteria in ?nished turning operations. 

FIG. 2 is a graphical display showing the INPUT! 
RESULTS as set fair in Example 1. 

FIG. 3 is a graphical display showing the INPUT] 
RESULTS as set forth in Example 2. 

Reference will now be made in detail to the present 
preferred embodiment of the invention, an example of which 
is illustrated in the accompanying drawing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

It is well known that when designing for ?nish turning 
operations, it is extremely important that all the basic 

factors be achievable. The various perfor 
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mance criteria present in a ?nish turning operation are 
highly interactive and the relationships de?ning the perfor 
mance criteria are very complex. This makes the selection of 
optimum machining performance criteria very di?icult to 
achieve. Accordingly, the present method provides for tak 
ing all machinability parameters simultaneously into con 
sideration allowing for the optimization of a machining 
process for optimum performance parameters and selection 
of the most suitable cutting conditions and/or tool insert 
types for speci?ed requirements. 

Vfrth reference to FIG. 1, there is shown the methodology 
of the present invention for selecting optimum machining 
conditions in ?nish turning operations. More speci?cally, the 
method includes the step of ?rst developing a process model 
10 for de?ning the relationships between a group of depen 
dent perforrnance variables and a group of independent 
process parameters. The development of the process model 
10 includes applying classic metal cutting theories 12. to the 
performance variables which may be determined analyti 
cally. In addition, development of the process model 10 
includes providing a database of experimental test results 14 
to which numerical methods 16 are applied for desa'ibing 
the relationships between the remaining performance vari 
ables which cannot be analytically determined. This results 
in the development of the process model 10 which simul 
taneously takes into consideration the performance variables 
and the process parameters, thus de?ning the relationships 
therebetween. 
The performance variables which are de?ned within pro 

cess model 10 may be selected from a group of variables 
consisting of cutting force, tool life, material removal rate, 
surface roughness and chip breakability. Furthermore, the 
process parameters may be selected from a group consisting 
of cutting speed, feed and depth of cut. Thus, it should be 
appreciated that the various performance criteria which go 
into the development of the process model 10 takes into 
consideration the maximum amount of performance criteria. 
This insures the accuracy and reliability of the present 
method for selecting optimum machining conditions. 
However, it should be appreciated that additional perfor 
mance variables and process parameters may be included 
while still maintaining the overall methodology of the 
present invention. 
More speci?cally describing the development of the pro 

cess model 10, me performance variables, cutting force, tool 
life and material removal rate are modeled based upon the 
analytical determination of these variables. In contrast, the 
process model 10 includes modeling the puformance vari 
ables surface roughness and drip breakability based upon 
the application of numerical methods for data interpolation 
to a database of experimentally obtained test results for these 
particular variables. 

Particularly, development of the process model 10 
includes modeling the performance variable cutting force 
based upon cutting force values expressed in the form: 

gimp Equation 1 

Where: 
Fz=eomponent of cutting force in the cutting direction 
f=feed 
d=depth of cut 
Cz and Ez=force constants 
az=feed exponent 
B: and Yzqiepth of cut exponents 
Note: All constants and exponents in Equation 1 are 

obtained by using the least square technique and experimen 
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6 
tal results, see Da, ZJ. et al.; “Optimum Machining Perfor 
mance in Finish Turning with Complex Grooved Tools”; 
Manufacturing Science and Engineering, MED—Volume 2, 
No. lIMH-Volume 3, No. l, ASME', 1995; pp. 703-14. 

Development of the process model 10 further includes the 
modeling of the performance variable tool life based upon 
tool life values expressed in the form of: 

T : Equation 2 

L 
V " f 

Where: 

T=tool-life 
V==cutting speed 
f=feed 
d=depth of cut 
C, n, m, and l=constants for given work and tool material 
Note: All constants and exponents are used in conjunction 

with Equation 2 are experimentally obtained values, see 
Cook, N. K.; ‘Tool Wear and Tool Life”; ASME Journal of 
Engineering for Industry; 1973; Volume 93; pp. 931-8. 

Further describing the method, development of the pro 
cess model 10 includes modeling the performance variable 
material removal rate based upon material removal rate 
values expressed in the form of: 

L 

MRR=ltDOVfd Equation 3 

Where: 
V=cut1ing speed lmmin 
f=feed mmlrev 
d=depth of cut mm 
While the performance variable surface roughness may be 

analytically determined in an approximate manner by con 
sidering the geometry of a given cutting tool, such calcula 
tions result in inaccurate determinations of surface rough 
ness for ?nish turning operations. This is a result of ?nish 
turning is operations involving a numbu' of additional tool 
geometry-work material related features that are likely to 
influence the surface ?nish levels quite signi?cantly. 
Therefore, the development of the process model 10 
includes modeling the performance variable surface rough 
ness based upon experimentally obtained values for combi 
nations of di?’erent opa'ating parameters. 
More speci?cally describing the determination of surface 

roughness, the equipment used to measure the sm'faee 
roughness may be, for example, a Taylor-Hopson Form 
Talysurf Surface Measrn-ing System (Model 83C) complete 
with a Hewlett-Packard computer and a DAS unit. The 
undulations of a surface can be explored by its diamond 
stylus with a tip radius of 0.0001 inch. More particularly, as 
the stylus moves over the surface irregularities, the signal 
will be conducted into the data acquisition system The 
computer processes the data, and then gives the pro?le of the 
surface and the values of sin-face roughness. Cubic spline 
interpolation of the test data is then used to obtain the 
surface roughness function in terms of the operation vari 
ables. The effect of cutting speed on srn'face roughness is 
considered to be invariant within the cutting speed range of 
?nish turning, and surface roughness is thereby reduced to 
the function of feed and depth of cut within the range of 
?nishing cuts. This assumption is based on the fact that the 
surface roughness is most sensitive to changes in feed and 
least sensitive to changes in cutting speed for ?nish turning 
operations. Accordingly, this allows for development of the 
process model 10 to simultaneously take into consideration 



5,801,963 
7 

the pm'formance variable surface roughness along with the 
other pq'formance variables and process parameters. 

Similarly, the performance variable chip breakability, 
which needs to be considered as one of the basic require 
ments in automated machine systems, cannot be accurately 
determined analytically and, therefore, must be determined 
based upon experimental test results. Particularly, chip 
hrealrability is not uniquely de?nable due to the inherent 
“fuzziness” in the understanding of the “acceptability” lev 
els of chip-formslshapes. The present invention utilizes the 
definition of chip breakability as given in the article Fang, X. 
D. and Jawahir, I. S., ‘The Etfects of Progressive Tool Wear 
and Tool Restricted Contact on Chip Breakability in 
Machining”, Wear, Volume 160, pages 243-52 (1993). 
This de?nition of chip breakability assumes that the size, 

shape and di?icultylease of chip producibility determines 
the levels of chip breakability, with weighing factors of 60%, 
25% and 15%, respectively. According to the de?nition, the 
values of chip breakability range between 0 and l. The fuzzy 
membership values are related to the fuzzy de?nition of chip 
breakability as shown in Table 1. 

TABLE 1 

In: De?nition of Q2‘ 3mm ' 

PmyDe?nition 
ofChip 
B NT 

Absolutely 
Imhrcken 

Member-slip 
Values 

0.0-0.2 

0.2.0.3 wry damn n 
m 

0.3-0.46 Ustmlly di?icult 
to heck 

OAS-0.5 Leas likely to 
heck 

0.5-0.58 he likely to 
helk 

0.58417 Usually easy to 
break 

0.7-0.9 ‘My easy I: h'eak 

0.9-1.0 Always broken 

As with the detq'mination of the performance variable 
surface roughness, in order to determine chip breakahility, 
the e?ect of cutting speed on chip breakability is ignored 
within the tri?ing speed range of ?nish turning, and bi-urbic 
spline intupolation is used to determine chip brcakability in 
terms of feed and depth of cut. Based upon this information, 
the modeling of the performance variable chip breakability 
is possible for inclusion in the process model 10. 
As should be appreciated, the completion of the informa 

tion relating to the performance variables and the process 
parameters results in the establishment of the process model 
10. Speci?cally, the process model 10 provides a database of 
expa'imental results to be used in conjunction with the 
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8 
methodology of the present invention which de?nes the 
relationships between the machining performance criteria 
and ?nish turning conditions. The creation of the process 
model 10 allows for an optimization procedure to be per 
formed while taking all machinability parameters simulta 
neously into consideration. 
Once the process model 10 has been created, the present 

method includes selecting a performance criteria as an 
optimization objective, as designated by reference numeral 
18 in FIG. 1. Speci?cally, one of the performance variables 
is chosen as the optimization objective. Of course, optimi 
zation includes either maximizing or minimizing the par 
ticular perfcrmance variable based upon the particular needs 
of a given ?nish turning operation. 

Fm'thermore, the remaining performance variables, as 
well as the process parameters, are used as constraints for 
de?ning acceptable limits on those cutting parameters par 
ticular performance u'iteria. The designation of the remain 
ing performance variables and the process parameters as 
constraints on the optimization procedure is generally des 
ignated as reference numeral 20 in FIG. 1. 

Following selection of the optimization objective 18 and 
the setting of constraints 20, the method of the present 
invention includes applying the step of applying optimiza 
tion techniques to the process model 10. More speci?cally, 
the method includes applying non-linear programming tech 
niques 22 to the process model 10 so that optimum cutting 
conditions may be determined for a given tool insert andlor 
an optimum tool insert may be selected for given machining 
performance requirements. 
The present method includes applying non-linear pro 

gramming techniques such as provided for in Vanderplaats, 
G. N., ‘Numerical Optimization Techniques for Engineering 
Design with Applications”, McGraw-Hill Book Company; 
1984. This particular non—linear programming problem can 
be expressed as: 

... , .. Fm 

withreepect x 
subjecttn G,(z)<=o, i=l,2,...I 

rt,(x)=o, j=l,2,...I 
Bqultm' 4 

where: 
F(x)=a scalar objective function which de?nes the pri 
mary optimization criterion; 

Vector x=the design or process variables; and 
Functions G,(x) and Hjx)=sets of inequality and equality 

constraints, respectively, which de?ne the feasible opti 
mization space. 

As should be appreciated, various constraint optimization 
algorithms can be used in conjunction with the methodology 
of the present invention. The prefu'red embodiment of the 
present invention utilizes the sequential quadratic progeni 
ming method to perform the optimization. This particular 
non-linear programming method is set forth and described in 
detail in Press, W. H., “Numuical Recipes in Pascal”, 
Cambridge University Press, 1989. Accordingly, by apply 
ing the non-linear programming techniques 22 to the process 
model 10, the present invention allows for the determination 
of optimum cutting conditions for a given tool insert or for 
the determination of an optimum tool insert for given 
machining performance requirements as designated by ref 
erence numeral 24. 

Advantageously, the preferred embodiment of the present 
invention includes a computer program developed as copy 
righted software and ?led with parent provisional patent 
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application Ser. No. 60/006,545 having a ?ling date of Nov. 
13, 1995, the full disclosure of which is incorporated herein 
by reference. This computer program facilitates the appli 
cation of the methodology described above for achieving 
optimum machining performance in ?nish turning opera 
tions. Speci?cally, this computer program allows the user to 
choose ditferent machining performance criteria as the opti 
mization objectives 18 and to de?ne the desired constraints 
20 in qualitative terms. 

Utilizing the computer implemented method of the 
present invention, the primary optimization options are, for 
example, as follows: 

(a) Optimize machining performance by minimizing sur 
face roughness for a required chip breakability and 
cutting force; 

(b) Optimize machining performance by cut 
ting force for a required surface roughness and chip 
breakability; 

(c) Optimize machining performance by maximizing chip 
breakability for a required cutting force and sm'face 
roughness; 

(d) Optimize machining performance by maximizing 
tool-life for a required surface roughness, cutting force 
and chip breakability; and 

(e) Optimize machining performance by maximizing 
material removal rate for a required surface roughness, 
cutting force and chip breakability. Thus, the computer 
program may be used to achieve optimum process 
variables for a given cutting tool or to make a com 
parative analysis of different tool inserts leading to the 
recommendation of a tool to the use: of the present 
method. 

In addition, the computu' program includes a table like 
interface, as illustrated in Table 2, which enables the use‘ to 
work directly with the database of test results information as 
contained within process model 10. Advantageously, the 
use‘ can expand the size of the database, modify the data for 
some inserts or build up an entirely new database for use 
with a particular ?nish turning operation. However, the 
unmodi?ed database is automatically saved for backup 
purposes. 

TABLE 2 

Ima'face for Modifying the Database 

A. Surface 01m)‘ 

depth (nun)! 
feed (mm/rev) 0.254 0.635 1.016 1.905 

0.056 0.584 0.660 0.508 0.508 
0.074 0.635 0.762 0.559 0.737 
0.107 0.762 0.838 0.737 0.838 
0.130 1.041 1.067 0.914 1.041 
0.191 1.676 1.651 1.448 1.473 
0.754 2.642 2.692 2.540 2.692 

B. Cutting Force (1st)‘l 

depth (mm)! 
feed (nun/rev) 0.254 0.635 1.016 1.905 

0.056 107 152 223 338 
0.074 120 183 254 459 
0.107 152 227 317 584 
0.130 169 259 384 700 
0.1.91 223 375 562 990 
0.754 285 482 807 1271 
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TABLE Z-continued 

Interface for Modifying the Database 

c. Chip Breakability (0-1)‘ 

depth (m)! 
iced (mm/rev) 0.254 0.635 1.016 1 .905 

0.056 0.10 0.10 0.20 0.12 
0.074 0.10 0.12 0.20 0.15 
0. 107 0.50 0.70 0.80 0.16 
0.130 0.50 0.75 0.70 0.24 
0.191 0.50 0.80 0.75 0.60 
0.254 0.50 0.91 0.80 0.60 

*Taylor Constant and Exponents 
C = 214233. 

:1 = 0.462 

m = 1.815 

I = 1.337 

The following examples are presented to further illustrate 
the usefulness of the present method, and particularly the 
computer implementation of the present method, but the 
examples are to be considered as illustrative and the inven 
tion is not to be considered as limited thereto. 

Example 1 

As previously described, the present method allows for 
the determination of optimum machining conditions for a 
given tool insm't. In this ?rst example, tool life is chosen as 
the objective function to be maximized and the requirements 
on the remaining performance variables, cutting force, sur 
face roughness, chip breakability and material removal rate 
are set as constraints of the optimization process. The 
following illustrates the information which is input into the 
compute‘ implemented method of the present invention, as 
well as, the results which are given following the application 
of the present methodology. 
INPUT: 

Tool Insert: 
1. INSERT-1 (TNMG332, CGl) 

Surface Roughness: 
4. small (Ra less than or equal to 0.8 micrometer) 

Cutting Force: 
2. low (less than or equal to 400 Newtons) 

Material Removal Rate: 
1. very low (greater than or equal to 10,000 mm"3l 
mm 

Chip Breakability: 
3.less1ikelytobreak(CBgreatathanorequalto 

0.45) 
RESULTS: 

Cutting Speed: 230 mm 
Feed: 0.105 mm/rev 
Depth of Cut: 0.412 m 
Surface Roughness: 0.8 microns 
Chip Breakability: 0.571 
Cutting Force: 181 Newtons 
Material Removal Rate: 10,000 mm"3/min 
Tool life: 11.2 min As shown, the optimum perfor 
mance variables and process parameters are given in 
the RESUIII‘S output portion of the computer pro 
gram. As can be appreciated from this particular 
example, all the performance requirements have 
been satis?ed for the optimum cutting conditions. 
Advantageously, all the major machining perfor 
mance criteria were simultaneously taken into con 
sideration in order to obtain the displayed results. 
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See FIG. 2 for a graphical display of the INPUT! 
RESULTS for Example 1, as described herein. 

Example 2 

The following example sets forth the capabilities of the 
present invention to make an optimum selection of a cutting 
tool insert for speci?ed requirements and the determination 
of corresponding machining conditions. In order to select 
the optimum cutting tool, a sub-group of cutting tools to be 
selected from must be chosen. This subgroup may include, 
for example, the following ?ve tool inserts: 

1. INSERT-1 (TNMG332, C61) 
3. lNSEKF-El ('I'NMG332, CG2) 
8. INSERT-8 (TNMG331, CG3) 
10. INSElT-IO (TNMG331, CG4) 
13. IN SEQ-13 ('I‘NMG332, C65) The number before the 

tool name denotes the tool numb: in the database. 
Following selection of the tool insert subgroup, the 
method proceeds to determine the most suitable tool 
insert and optimum machining conditions. This par 
ticular example designates that the optimization crite 
rion is to minimize surface roughness for given require 
ments of cutting force, chip breakability and material 
removal rate. The input and results of selection of a 
cutting tool insert for this example is as follows: 

INPUT: 
Chip Breakability: 

3.1ess likelytobreak(CB greaterthanorequaltc 
0.45) 

Cutting Force: 
2. low (less than or equal to 400 Newtons) 

Material Removal Rate: 
3. low (greater than or equal to 10000 mm"3lmin) 

Inserts to be Examined: 1, 3, 8,10, 13 
RESULTS: 

Tool Insert: 3.]NSERT-3 (I‘NMG332, CG2) 
Cutting Speed: 331 m/min 
Feed: 0,061 mmlrev 
Depth of Cut: 0.497 m 
Surface Roughness: 0.491 microns 
Chip Brealrability: 0.450 
Cutting Force: 168 Newtons 
Material Removal Rate: 10000 mm"3lmin 

As shown, the optimum selection of a tool insa't with 
optimum machining pcformance criteria for the given cri 
teria and requirements is obtained following a comparative 
analysis of the live tool inserts which were originally 
selected. See Figure 3 fer a graphical display of the INPUT! 
RFSULTS for example 2, as described hu'ein 

In summary, numerous bene?ts result from employing the 
concepts of the present invention. The present invention 
employs a computer implemented method for achieving 
optimum selection of machining and tool insa'ts 
for?nish turning operations based upon both classic metal 
rattling theories and an experimental database of test results. 
Application of numerical methods show that the methodol 
ogy of the present invention can be used to considerable 
advantage in specifying the machining variables. 'Ihe appli 
cation of the present invention as a computer implemented 
method facilitates the application of the methodology of the 
present invention. Speci?cally, the computa‘ implemented 
method allows for the simutaneous consideration of the 
various machining performance criteria which are highly 
interactive and need to be taken into consideration when 
de?ning optimum cutting conditions or selecting optimum 
tool inserts for particular machining performance require 
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ments. Further, the use of the computer implemented method 
of the present invention makes the invention more easily 
accessible to industry, as well as, results in a substantial 
increase in productivity for machining operations. Thus, the 
present invention represents a signi?cant advance in the area 
of ?nish turning operations. 
The foregoing description of a preferred embodiment of 

the invention has been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention to the precise form disclosed. Obvious modi 
?cations or variations are possible in light of the above 
teachings. The embodiment was chosen and described to 
provide the best illustration of the principles of the invention 
and its practical application to thereby enable one of ordi 
nary skill in the art to utilize the invention in various 
embodiments and with various modi?cations as are suited to 
the particular use contemplated. All such modi?cations and 
variations are within the scope of the invention as deta 
mined by the appended claims when interpreted in accor 
dance with the breadth to which they are fairly, legally and 
equitably entitled. 
We claim: 
1. A computer implemented method for predicting opti 

mum machining performance criteria in ?nish turning 
operations, said computer implemented method comprising 
the steps of: 

developing a process model, said model relating perfor 
mance variables for said operation with process param 
eters for said anticipated operation; 

selecting one of the performance variables for 
optimization, the other performance variables and the 
process parameta's acting as constraints on the optimi 
zation; 

applying non-linear programming techniques to said pro 
cess model, whereby optimnrn cutting conditions may 
be ddermined for a given tool insert or an optimumtool 
insert may be selected for given machining perfor 
mance requirements. 

2. The computer implemented method as set forth in claim 
1, wherein said performance variables may be selected from 
the group consisting of cutting face, tool life, material 
removal rate, surface roughness and chip breakability. 

3. The computer implemented method as set forth in claim 
1, wherein said process parameters may be selected from the 
group consisting of cutting speed, feed and depth of cut. 

4. A computer implemented method for predicting opti 
mum machining performance criteria in ?nish turning 
opa'ations, said computer implemented method comprising 
the steps of: 

developing a process model, said model relating perfor 
mance variables for said operation with process param 
eters for said operation, said performance variables 
being selected from the group consisting of artting 
force, tool life, material removal rate, surface rough 
ness and chip hrealrability; 

selecting one of the performance variables for 
optimization, the other performance variables and the 
process acting as constraints on the optimi 
zation; 

applying non-linear prog'amming techniques to said pro 
cess model, whereby optimum cutting conditions may 
be detm'mined for a given tool insert or an optimum tool 
insert may be selected for given machining perfor 
mance requirements; 

wha'ein development of said process model includes 
modeling said performance variable cutting force based 
upon cutting force values expressed in the form of 
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where: 
Fz=component of cutting force in the cutting direction 
f=feed 
d=depth of cut 

Cz and Ez=foroe constants 
Otz=feed exponent 
[Sz and yz=depth of cut exponents. 
5. A computer implemented method for predicting opti 

mum machining performance criteria in ?nish turning 
operations, said computer implemented method comprising 
the steps of: 

developing a process model, said model relating perfor 
mance variables for said operation with process param 
eters for said operation, said performance variables 
being selected from the group consisting of cutting 
force, tool life, material removal rate, surface rough 
ness and chip breakability; 

selecting one of the performance variables for 
optimization, the other performance variables and the 
process parameters acting as constraints on the optimi 
zation; 

applying non-linear programming techniques to said pro 
cess model, whereby optimum cutting conditions may 
be determined for a given tool insert or an optimum tool 
insert may be selected for given machining perfor 
mance requirements; 

whaein development of said process model includes 
modeling said performance variable tool life based 
upon tool life values expressed in the form of 

L 
d! 

Where: 
T=tool-life 
V=wtting speed 
f=feed 
d=depth of cut 
C, n, m, and l=constants for given work and tool matm'ial. 
6. A computer implemented method for predicting opti 

mum machining performance aiteria in ?nish un'ning 
operations, said computer implemented method comprising 
the steps of: 

developing a process model, said model relating perfor 
mance variables for said operation with process param 
eters for said operation, said performance variables 
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being selected from the group consisting of cutting 
force, tool life, material removal rate, surface rough 
ness and chip breakability; 

selecting one of the performance variables for 
optimization, the other performance variables and the 
process parameters acting as constraints on the optimi 
zation; 

applying non-linear programming techniques to said pro 
cess model, whereby optimum cutting conditions may 
be determined for a given tool insert or an optimum tool 
insert may be selected for given machining perfor 
mance requirements; 

wherein development of said process model includes 
modeling said performance variable material removal 
rate based upon material removal rate values expressed 
in the form of 

MRR=1000Vfd 

where: 

V=cutting speed m/min 
f=feed mm/rev 
d=depth of cut mm. 
7. A computer implemented method for predicting opti 

mum machining performance criteria in ?nish turning 
operations, said computer implemented method comprising 
the steps of: 

developing a process model, said model relating perfor 
mance variables for said operation with process param 
eters for said operation, said performance variables 
being seleaed from the group consisting of cutting 
force, tool life, material removal rate, surface rough 
ness and chip hreakability; 

selecting one of the performance variables for 
optimization, the other performance variables and the 
process parametu's acting as constraints on the optimi 
zation; 

applying non-linear programming techniques to said pro 
cess model, whereby optimum cutting conditions may 
be determined for a given tool insert or an optimum tool 
insert may be selected for given machining perfor 
mance requirements; 

wherein development of said process model includes 
modeling said performance variables surface roughness 
and chip breakability by applying numerical methods 
of data interpolation to experimentally obtained surface 
roughness and chip breakability data. 


